ABSTRACT. The present study examined the courses of testicular efferent lymphatics in the rabbit, by injections of India ink directly into testicular parenchyma. In 58% of the testes examined, testicular efferent lymphatics were observed to course along the testicular artery to the lumbar trunk. In other testes, efferent lymphatics were found along the testicular artery as well as along either the ductus deferens (26%) or cremasteric muscle (8%). In the remaining 8% of the testes, efferent lymphatics were found along the testicular artery, ductus deferens, and cremasteric muscle. These findings demonstrate that testicular efferent lymphatics in the rabbit course not only along the testicular artery, but also along the ductus deferens and/or cremasteric artery in about 40% of the testes.
The rabbit testis contains rich lymphatic network in its septulae, mediastinum, and tunica albuginea [10, 12] , and its efferent lymphatics constitute part of important channels that drain testicular hormones to their target organs [5, 8, 9] . The courses of efferent lymphatics from the testis to the lumbar lymphatic trunk have been examined in various mammals including rabbits in an earlier study, by injecting a water color into the abdominal aorta or spermatic artery [1] . In that study, the testicular efferent lymphatics were mentioned to course along the testicular artery and either the artery of the ductus deferens or cremasteric artery, but detailed descriptions were not made in the rabbit. In later studies with injections of India ink directly into the testicular parenchyma in the rat, guinea pig, and mouse [3, 4] , the testicular efferent lymphatics were observed to ascend only along the testicular artery. In another study, however, efferent lymphatics were also observed to ascend along the ductus deferens in 32% of the mouse testes examined [2] . Taken together, these facts suggest that there are species and individual differences in the pattern of courses of testicular efferent lymphatics. The rabbit testis is characterized by their elongated oval shape with a broad mesorchium accommodating the testicular artery and ductus deferens. This implies that the courses of efferent lymphatics may have a unique pattern in this species. Thus, we examined the patterns of courses of efferent lymphatics originating from the rabbit testis, by injecting India ink directly into the testicular parenchyma [11] .
Twenty male Japanese White rabbits (Saitama Experimental Animal Supply Co., Saitama, Japan) weighing 3.0-4.0 kg were used in the present study. All the experimental procedures complied with the guidelines of the National Institutes of Health, and were approved by the Ethical Committee for Animal Experimentation of Tokyo University of Agriculture and Technology.
The rabbits were deeply anesthetized with intravenous injections of pentobarbital sodium (35.0 mg/kg body weight) or with intramuscular injections of xylazine (10 mg/ kg) and ketamine (50 mg/kg) followed by intraperitoneal injections of pentobarbital sodium (60 mg/kg). Then, the animals were perfused with 2 l of saline through the heart in order to remove blood for easier observation of lymphatics stained with India ink [3, 11] . Just before or after the initiation of the perfusion, 0.25-0.8 ml of commercially available India ink was slowly injected into each testis through a 23G or 27G needle attached to a syringe. Then, most of the animals were perfused with 10% formalin, or immersed into it. Using a binocular magnifier, we carefully observed the origins, courses, and terminations of testicular efferent lymphatics.
In 38 out of 40 testes, we successfully stained the origin, course, and termination of testicular efferent lymphatics (Tables 1, 2 ). The injected India ink was restricted to the testis, without diffusing into the adjoining epididymis and cremasteric muscle (Fig. 1) .
In 22 testes (Table 1 , Fig. 1A ), we observed many collecting lymph vessels originating from the cranial extremity and epididymal border of the testis. These lymph vessels were found to ascend along the dorsal and then medial aspect of the testicular artery and vein (hereafter we simply refer to as "testicular artery"), reducing their number into two to six by anastomosing each other proximally, and finally moved to the ventral aspect of the testicular artery. At the level of the crossing with the ureter, the vessels left the testicular artery, and anastomosed into one or two, just before emptying into the plexus of the lumbar lymphatic trunk at the level of the fourth lumbar vertebra (L4) or L5, or exceptionally at L3 or L6. In 10 testes (Table1, Fig. 1B ), we found most of testicular efferent lymphatics running along the testicular artery, as described above. We also found one lymph vessel running along the ductus deferens (Fig. 1B) . This vessel was usually formed by two lymph vessels, one of which originated from the medial aspect and the other of which originated from the lateral aspect of the caudal extremity of the testis. These two vessels joined to form one vessel on the dorsal aspect of the epididymis, and ran along the ventral aspect of the ductus deferens. In an exceptional testis, one lymph vessel ran along the ventral and the other ran along the dorsal aspect of the ductus deferens. In another testis, one lymph vessel ran along the dorsal aspect of the ductus deferens and the other two vessels, which repeatedly anastomosed with each other, ran within the mesoductus deferens 6 to 7 mm dorsal to the ductus deferens. After entering the abdominal cavity, the lymph vessel(s) left the ductus deferens and drained into the lumbar lymphatic trunk at the level of L7. In three testes (Table 1, Fig. 1C ), we observed efferent lymphatics running along the testicular artery in the same manner. Furthermore, we observed that the other efferent lymph vessel that originated from either the medial or lateral aspect of the caudal extremity of the testis ascended along the cremasteric muscle. After entering the abdominal cavity through the inguinal canal, the lymph vessel ran along the caudal aspect of the right common iliac artery, left this artery near its bifurcation from the abdominal aorta, and joined the lumbar lymphatic trunk at the level of the first sacral vertebra (S1) of the sacrum. Otherwise, in three testes (Table 1, Fig. 1D ), we found that the testicular efferent lymphatics took three independent courses, which were along the testicular artery, ductus deferens, and cremasteric muscle, and drained into the lumbar lymphatic trunk at levels of L5, L7, and S1, respectively. The lymphatic trajectories of each course were essentially similar to those of other testes described above.
The present study greatly extends the findings of a previous study [1] , by demonstrating that the patterns of courses of testicular efferent lymphatics in the rabbit are categorized into Types I-III, based on the number of their routes from the testis to the lumbar lymphatic trunk (Fig. 2) . Type I has only one route that courses along the testicular artery. Type II with two routes is subdivided into Type IIa having courses along the testicular artery and along the ductus deferens, and Type IIb having courses along the testicular artery and along the cremasteric muscle. Type III has three routes that ascend along the testicular artery, ductus deferens, and cremasteric muscle. Of these types, the most frequent is Type I, which occurred in 22 of 38 testes (58%), and the less is Type IIa, which occurred in 10 of 38 testes (26%) (Fig. 2A,  B) . Type IIb and Type III are rare, and each occurred only in three testes (8%) (Fig. 2C, D) . A previous study has shown that there is only Type I in the rat and guinea pig [4] . In the mouse, it was reported that our Type I occurred at 68% and Type IIa occurred at 32%, but there were no Types IIb and III [2] . Therefore, the rabbit alone has testicular efferent lymph vessels that ascend along the cremasteric muscle. In five out of 18 rabbits (23%), we found that the patterns of courses of efferent lymphatics were different between the right and left testis. However, the incidence of such difference is much higher (64%) in the mouse [2] than in the rabbit.
The present study showed that the lymphatics arising from the cranial extremity and epididymal border of the testis proceed to the testicular artery (Table 2, Fig. 2 ), in agreement with a previous study in the mouse [2] . The present study also showed that the lymphatics arising from the caudal extremity always proceed not along the testicular artery, but along the ductus deferens and/or cremasteric muscle ( Table 2 , Fig. 2B-D) . However, in the mouse, Itoh et al. [2] reported that the lymphatics originating from the caudal extremity ascend along the testicular artery alone in more than half of the testes examined, whereas in the remaining testes they ascend along either the ductus deferens alone or both the testicular artery and ductus deferens. The results of the present study have shown that testicular efferent lymphatics drain into the lumbar lymphatic trunk at levels of not only L3-L6, but also L7 and/or S1 in Types II and III (Fig.  2B-D) . It has been reported that in the rat and mouse, terminations are less extensive craniocaudally than in the rabbit; they are at the level(s) of L4 in the rat and L4 and L5 in the mouse [2, 4] . Previous studies have shown that testicular efferent lymphatics constitute one of important channels that carry testicular hormones to their target organs [5, 8, 9] . The results of the present study indicate that in about 40% of the testes, efferent lymphatics ascend along not only the testicular artery, but also the ductus deferens and/or cremasteric muscle. It is considered that the lymphatics along the ductus deferens and cremasteric muscle, when exist, may facilitate the transfer of testicular hormones to these organs [9] . It is also possible that these lymphatics serve as alternative hor- In Type I, efferent lymphatics course along the testicular artery. In Type II, efferent lymphatics course two independent routes; in Type IIa, they ascend along the testicular artery and the ductus deferens, whereas in Type IIb, they ascend along the testicular artery and the cremasteric muscle. In Type III, efferent lymphatics take three independent routes, which are along the testicular artery, ductus deferens, and cremasteric muscle. LLT, lumbar lymphatic trunk. For other abbreviations, see the legend to Fig. 1 .
monal channels to alleviate lymphatic obstruction effects on testicular functions, when lymphatics are ligated only along the testicular artery [5, 7] . Therefore, all the possible lymphatic routes should be obstructed in such studies [5, 7] . The results of the present study also indicate that testicular tumors, which usually spread via lymphatic routes [6] , may be carried to the lumbar trunk at levels from L4 to S1, suggesting more extensive tumoral metastasis in the rabbit than in the rat and mouse. The differences in the pattern of courses of testicular efferent lymphatics between and within individuals should always be taken into consideration to study pathways for testicular hormones and tumoral metastasis in the rabbit.
